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C BY-NC-Abstract The Carabelli cusp is a tubercle or cuspule, or a groove often seen on the palatal surface
of the mesiopalatal cusp of maxillary permanent molars and maxillary second deciduous molars.
The purpose of this study was to determine the prevalence, degree of expression of the Carabelli
structure, and caries prevalence in the Carabelli structure in the permanent ﬁrst and second maxil-
lary molars in selected Saudi population. Two hundred and seventy six Saudi patients attending the
college of dentistry clinics at King Saud University in Riyadh city were selected for examination.
The patients’ age ranged from 11 to 55 years old. Patients with severely carious, restored or missing
upper ﬁrst or second maxillary molars on any side were excluded. Both the ﬁrst and the second
upper molars were carefully examined for the occurrence of the Carabelli structure and the presence
of caries. The prevalence of the Carabelli structure was 57.6% with a bilateralism of 91.2% in the
ﬁrst maxillary molars and 86.4% in the second molars. The Carabelli structure was found to be
29.7% as a groove expression, and 35.5% as a cusp expression. It was concluded that more than
half of the Saudi population have a degree of expression of the Carabelli structure and the Carabelli
trait is associated with increased caries incidence.
Clinical relevance: Prominent pits and grooves can be foci for plaque retention and caries develop-
ment, a large tubercle can pose some problems with orthodontic bands.
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The Carabelli structure is a tubercle or cuspule, or a groove,
often seen on the palatal surface of the mesiopalatal cusp of
maxillary permanent molars and maxillary second deciduous
molars (Biggerstaff, 1972). It includes a variety of expressions
that range from complete absence to pits, grooves, tubercles,
cusplet, or cusps (Jordan et al., 1991). It represents the end
product of the interaction of a complex system of ontogenetic
and environmental factors (Biggerstaff, 1972).
Table 1 Prevalence of patients having the Carabelli trait.
Structure Patient frequency Prevalence (%)
Smooth surface 117 42.4
Carabelli trait 159 57.6
Total 276 100
Table 3 Degree of expression of the Carabelli trait in the
upper ﬁrst molars.
Criteria Upper ﬁrst molar Total %
Frequency
(N= 552)
Percentage (%)
Absence of structure 242 43.8 43.8
Groove or depression 125 22.7* 56.2
Prominent cusp 185 33.5*
Total 552 100 100
* Statistically signiﬁcant difference at P= 0.00.
14 S.A. ShethriAlvesalo et al. (1975) examined 233 patients in a Finnish
rural population for the presence of the Carabelli cusp. Sev-
enty nine percent of them had the cusp in ﬁrst upper molars.
The occurrence of the structure was bilateral with varying de-
grees of asymmetry. Their results suggested low heritability of
the character. They classiﬁed the Carabelli structure as follows:
1. Smooth surface.
2. Single pit or furrow.
3. Double furrow or Y-shaped furrow.
4. Slight protuberance or small cusp.
5. Large cusp.
In a study made by Rusmah (1992), 320 maxillary casts of
Malaysian children were examined for the occurrence of the
Carabelli trait on the maxillary ﬁrst permanent molars. The
total trait frequency was observed to be 51.6%. The cusp
was observed to be more bilateral.
17.43% occurrence of the Carabelli cusp in maxillary
molars was reported by Falomo (2002) after examining 2604
Nigerians. There was 70.71% bilateralism in the upper ﬁrst
molars, with 1.98% simultaneous bilateralism in the upper ﬁrst
and second molars. Unilateralism in the upper ﬁrst molars
accounted for 25.99%.
The purpose of this study was to determine the prevalence,
degree of expression of the Carabelli structure, and caries
prevalence in the Carabelli structure in the permanent ﬁrst
and second maxillary molars in a selected Saudi population.
2. Materials and methods
Two hundred and seventy six Saudi male patients attending
the college of dentistry clinics at King Saud University in
Riyadh city were selected for examination. The patients’ age
ranged from 11 to 55 years old. Any patient with severely car-
ious, restored or missing upper ﬁrst or second maxillary molars
on any side was excluded. All patients were informed about the
purpose of the study and their permissions were obtained
following the guide lines of the research center of the college
of dentistry in King Saud University.
The ﬁrst and the second upper molars were carefully exam-
ined for the occurrence of the structure and the presence of car-Table 2 Frequency and percentage of patients having the Carabell
Structure present in Groove or depression
Patient frequency Per
One out of the four molars 7 2.
Two out of the four molars 67 24.
Three out of the four molars 4 1.
Four out of the four molars 4 1.
Total 82 29.ies, from the occlusal view using a mouth mirror and dental
explorer. Under efﬁcient light condition, caries presence was
examined by pulling the tip of a sharp explorer laterally over
the groove created by the cusp looking for stickiness, and avoid-
ing apically directed force (Van Dorp et al., 1988; Warren et al.,
2003; Yassin, 1995).
The structure and its degree of expression were classiﬁed
into three categories:
1. Smooth surface or absence of the structure.
2. Depression or groove.
3. Cusp prominence.
Three examiners collected the data. For inter-examiner cal-
ibration, and before starting data collection, a training session
with a senior examiner was carried out to standardize exami-
nation. At the beginning, 20 patients were examined by all
examiners, in which the ﬁrst examiner performed examination
and recorded data followed by the second and third examiners
in an orderly manner. The data were then cross-matched using
the Kappa value.
All statistical analyses were calculated using the SPSS
program version 10 and then descriptive data analysis using
frequency distribution was used to report the ﬁndings. Propor-
tional T-test was used to compare prevalence.3. Results
A high degree of inter-examiner calibration was observed with
the ﬁrst twenty patients examined by the three examiners. The
mean Kappa values were 0.89 for the detection of the Carabelli
structure and 1.00 for the detection of caries.
One hundred and ﬁfty nine individuals (N= 276) had some
sort of expression of the Carabelli trait (57.6%), while 117 pa-
tients did not have any expression of the structure (42.4%),
i.e., smooth surface (Table 1). Table 2 shows that 35.5% ofi trait expression in relation to number of teeth.
Prominent cusp
centage (%) Patient frequency Percentage (%)
5 10 3.6
3 68 24.6
4 2 0.7
4 18 6.5
7 98 35.5
Table 4 Degree of expression of the Carabelli trait in the
upper second molars.
Criteria Upper second molar Total %
Frequency
(N= 552)
Percentage (%)
Absence of structure 469 85 85
Groove or depression 44 8 15
Prominent cusp 39 7
Total 552 100 100
The prevalence of the Carabelli cusp in selected Saudi population 15all patients had cusp expressions, while 29.7% had groove
expressions in at least one tooth.
Degree of expression of the Carabelli trait in the ﬁrst and in
the second maxillary molar teeth is shown in Tables 3 and 4,
respectively. It was found that 56.2% of all ﬁrst molars have
the Carabelli trait, in which a higher frequency was recorded
for a prominent cusp 33.5% compared to a groove expression
22.7% (Table 3). It was also found that the frequency of the
trait in the second molar was lower (15%) compared to ﬁrst
molar, but with almost equal frequency regarding groove or
cusp expressions (Table 4).
The frequency of patients’ Carabelli structure bilateralism
for the maxillary ﬁrst and second molars is shown in TablesTable 5 Patients’ Carabelli structure bilateralism in relation to the
Criteria
Groove or depression unilaterally
Groove or depression bilaterally
Groove on one side – cusp on the other side
Prominent cusp unilaterally
Prominent cusp bilaterally
Table 6 Patients’ Carabelli structure bilateralism in relation to the
Criteria
Groove or depression unilaterally
Groove or depression bilaterally
Groove on one side – cusp on the other side
Prominent cusp unilaterally
Prominent cusp bilaterally
Table 7 Frequency and percentage of caries in the ﬁrst and second m
relation to Carabelli trait expression.5 and 6, respectively. In the ﬁrst maxillary molar, the total
bilateralism, regardless of the type of expression, was found
to be 91.2%, of which 36.5% was groove bilateralism, and
54.7% was cusp bilateralism. And in the second maxillary mo-
lar, Bilateralism was 86.4%, of which 45.4% was groove bilat-
eralism, and 41% was cusp bilateralism. Simultaneous
bilateralism in the ﬁrst and second molars, regardless of the
type of expression, was 7.97%.
Caries prevalence in the ﬁrst and second molars is shown in
Table 7. Teeth with no Carabelli structure had no caries. The
prevalence of caries in the Carabelli structure was the same
(16.8%) for the ﬁrst and the second molars separately. Caries
was detected in 7.2% and 9.1% of the groove expression for
the ﬁrst and second molars, respectively. It was for the cusp
expression 23.3% for the ﬁrst molar and 25.6% for the second
molar.
4. Discussion
Since three examiners collected the data, it was important to
unify and standardize their method of examination and data
collection. The mean Kappa values obtained were high, which
suggest that the three examiners reached an excellent inter-
examiner reliability.
The present study reveals that more than one half of the
Saudi population has a degree of expression of the Carabelliupper ﬁrst molars.
Carabelli structure
frequency (N= 159)
Percentage (%)
3 1.9
58 36.5
6 3.8
5 3.1
87 54.7
upper second molars.
Carabelli structure
frequency (N= 44)
Percentage (%)
3 6.8
20 45.4
1 2.3
2 4.5
18 41
olars, where shaded cells show frequency percentage of caries in
16 S.A. Shethristructure (Table 1). The results were very close to those re-
ported by Rusmah (1992) (51.6%). Prominent pits and grooves
can be foci of plaque retention and caries development, and a
large tubercle can pose some problems with orthodontic
bands.
The frequency percentage of Carabelli trait for the ﬁrst mo-
lar was 56.2%, which is statistically signiﬁcantly higher com-
pared to the second molar (15%), at P= 0.00 (Tables 3 and
4). Regarding the Carabelli trait expression in ﬁrst molar, it
was 22.7% as a groove and 33.5% as a cusp, which is statisti-
cally signiﬁcantly different at P= 0.00 (Table 3). It was 8% as
a groove expression and 7% as a cusp expression for the sec-
ond molar, but this difference was not statistically signiﬁcant
at P= 0.00 (Table 4).
Bilateralism of the trait, in this study, was very high. This
supports the ﬁndings of other researchers (Alvesalo et al.,
1975; Falomo, 2002; Joshi, 1975; Rusmah, 1992; Thomas
et al., 1986); which they agree that bilateralism of the trait
is more frequent. Although some investigators, such as
Biggerstaff (1973, 1972), suggested that bilateralism or mir-
roring is not a factor in the Carabelli trait, even among twins.
Simultaneous Bilateralism in the upper ﬁrst and second
molars was found to be low, which agrees with Falomo’s
ﬁndings (2002).
An interesting result was found, which is if the second
upper molars had prominent cusps bilaterally, the upper ﬁrst
molars would have prominent cusps bilaterally as well. But it
is not true for the grooves. This could be attributed to genetics,
as some investigators reported that it may have a big inﬂuence
on the Carabelli trait (Biggerstaff, 1973; Dahlberg, 1963;
Goodman, 1965; Jordan et al., 1991; Lasker, 1950).
Many studies (Alvesalo et al., 1975; Rusmah, 1992;
Saunders and Mayhall, 1982; Thomas et al., 1986) failed to
show any sex dimorphism in the occurrence of the trait,
although some investigators (Kaul and Prakash, 1981; Kieser
and Preston, 1981) observed a sex-linked pattern. Therefore, the
relationship of sex to the Carabelli trait was not investigated
in this study.
In the ﬁrst molars, it was found that the cusp expression
showed higher caries prevalence (23.3%) when compared to
groove expression (7.2%), which is true for the second molar
as well. This means almost 25% of the cusps when found were
carious for both the ﬁrst and second molars, while only 7%
and 9% of the grooves were carious for ﬁrst and second mo-
lars, respectively. This difference is statistically signiﬁcant for
the ﬁrst molar, while it is not signiﬁcant for the second molar
at P= 0.00. This ﬁnding can be explained by the fact that the
cusp expression has a tubercle in addition to the groove; this
tubercle may act as a physical barrier against the cleansing
mechanisms of a tooth brush and physiological cleaning by
the tongue movement and the salivary ﬂow. In cases where
the Carabelli structure was absent, caries was not detected
which supports the idea that the Carabelli structure presents
a foci for plaque accumulation and caries development. The
method by which caries was examined, i.e., avoiding apically
directed force, might have contributed to the low caries prev-
alence (Van Dorp et al., 1988; Warren et al., 2003; Yassin,
1995).
Future studies should be made to assess the relationship of
the Carabelli trait to genetics and its heritability.5. Conclusion
Within the limitation of the present study, the following con-
clusions can be drawn:
1. The prevalence of the Carabelli trait in selected Saudi pop-
ulation was 57.6%.
2. The Carabelli trait is associated with increased caries
prevalence.
3. Dentists are advised to perform a careful examination to
the lingual surfaces of the maxillary ﬁrst and second molars
to rule out the presence of the Carabelli structure and
caries.Acknowledgments
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